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Statistics 111

Midterm 3

� This is a closed book exam.

� You may use your calculator and a single page of notes.

� The room is crowded. Please be careful to look only at your own exam. Try to sit
one seat apart; the proctors may ask you to randomize your seating a bit.

� Report all numerical answers to at least two correct decimal places or (when appro-
priate) write them as a fraction.

� All question parts count for 1 point.
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1. Assume IQs have mean 100 and standard deviation 16. You have created a pill that
increases IQ by 10 points. You want to prove that your pill works.

22 Suppose � = 0:05 and � = 0:1. What sample size do you need?

1� 0:1 = IP[ts > 1:645] = IP[
�X � 100

16=
p
n

> 1:645]

IP[
�X � 110 + 110� 100

16=
p
n

> 1:645] = IP[
�X � 110

16=
p
n

> 1:645� 110� 100

16=
p
n

]

IP[Z > 1:645� 10

16=
p
n
]:

Since 0.9 = IP[Z > �1:28] then �1:28 = 1:645� 10
16=

p
n
. Solving gives n = 21:902 and

we round up to 22.

0.79 Suppose you test 25 people with Type I error rate of 0.01. What is the power of
your test?

power = IP[ts > 2:33] = IP[Z > 2:33� 10

16=
p
25
] = IP[Z > �0:795]

and from the table, this is 0.79, whether your round up or down.

2. 0.32 You sample 100 random people in North Carolina and ask them whether they
support gay marriage. You �nd that 40 say yes. Set a 95% one-sided lower con�dence
bound on the proportion of people in NC who favor gay marriage.

L = 0:4�
q

0:4�0:6
100 � 1:645 = 0:3194

3. Someone asserts that at least 10% more women than men support gay marriage. You
want to test this at the 0.05 level. You sample 100 women and �nd that 60 are
supporters, and among 80 men, 30 are supporters.

Write the alternative hypothesis in symbols. (Subtract men from women.)

HA : pw � pm > 0:1
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1.71 What is the value of your test statistic?

ts = 60=100�30=80�0:1p
(0:6�0:4)=100+(0:375�0:625)=80

= 1:71

0.04 What is your P-value?

1 - 0.9564 = 0.04

1.64 or 1.65 What is your critical value?

From the z-table.

Yes Do you reject the null hypothesis?

Because the P-value is less than the alpha level, 0.05.

6. There are 16 statistic professors at Duke. A sample of 10 has an average IQ of 150
with a sample sd of 10. You want to test whether the average IQ of the statistics
faculty is greater than 145, with Type I error equal to 0.1. Find your test statistic
and critical value.

ts = 2.5 cv = 1.38

The critical value comes from the t-distribution with 10-1=9 degrees of freedom. It
is 1.383.

The test statistic uses the Finite Population Correction Factor, which is
p
(16� 10)=(16� 1) =

0:6325: So ts = 150�145
(10=

p
10)�FPCF = 2:5

4. Someone claims that 40% of Duke students want a career in business, 20% want to
become physicians, 20% want to become lawyers, 10% want to be celebrities, and
the rest want to become statisticians. A sample of 200 students �nds that 70 want
a career in business, 40 want to be doctors, 35 want to be lawyers, 15 want to be
celebrities, and the rest aspire to become arbiters of truth. You want to test the claim
at the 0.05 level.
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In words, write your null hypothesis.

The proportions of students who want to go into business, medicine, law, movies and
statistics are 0.4, 0.2, 0.2, 0.1 and 0.1, respectively.

23.12 or 23.13 What is the value of your test statistic?

The observed counts are 70, 40, 35, 15 and 40, and the expected counts are 80, 40,
40, 20 and 20. Apply the formula for testing goodness-of-�t to get 23.125.

9.49 What is your critical value?

From the chi-squared table with 5-1 = 4 df. It is 9.488.

Give bounds for your signi�cance probability. P-value < 0:02.

Yes Do you reject the null hypothesis?

7. 0.23 There are three species of Scarlet Snipe. Type A has prevalence 50% and lays a
Poisson number of eggs with mean 0.5. Type B has prevalence 25% and lays a Poisson
number of eggs with mean 1.5. Type C has prevalnece 25% and its mean is 2.5. You
�nd a Scarlet Snipe nest with 2 eggs. What is your probability for the hypothesis
that it is type A?

This is just the posterior probability.

IP[A j 2] = IP[2 j A] � IP[A]
IP[2 j A] � IP[A] + IP[2 j B] � IP[B] + IP[2 j C] � IP[C]

where IP[2 j A] = 0:52

2! exp(�0:5) = 0:0758, and so forth.

8. What is multicollinearity, and what does it do? (2 pts.)

Multicollinearity occurs when two more of the explanatory variables are strongly cor-
related. It makes most predictions inaccurate (highly variable, unstable).
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5. President Broadfoot thinks that freshman, sophomores, juniors and seniors have the
same propensity to drink. You decide to test this at the 0.05 level, and gather a
sample of 50 freshmen, of whom 40 got drunk the previous night, 80 sophomores, of
whom 60 drank the previous night, 50 juniors, of whom 30 drank the previous night,
and 40 seniors, of whom 10 drank the previous night.

In words, what is your null hypothesis?

Class level is independent of proclivity to drink.

31.82 What is the expected number of freshmen who drink?

50 * 140 / 220 = 31.8182

36.34 � 0.5 What is the value of your test statistic?

Use the formula for testing independence in a contingency table. The answer is
36.3394.

7.81 or 7.82 What is your critical value?

Chi-squared distribution with 3 df. 7.815

Give bounds for your P-value. P-vale < 0:02

Yes Do you reject the null hypothesis?

8. You want to predict how long someone lives from the number of hours of exercise they
do in a week. From a sample of 15 people, you estimate the intercept as 90 and the
slope as -2. The coe�cient of determination is 0.6, the sd of the residuals is 9, and
the mean number of hours spent exercising is 8 with an sd of 4.

-0.77 What is the correlation?
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The square root of the coe�cient of determination, with sign matching the slope.

99.00 Set a 95% upper con�dence interval on the lifespan of someone who expercises
for 4 hours per week.

Use the equation on page 16 of lecture 17. To get SSx, use the fact that variance =
42 = 1

15�1SSx, or 224.

87.92 Set a 95% upper con�dence interval on the average lifespan of people who
exercise for 4 hours per week.

Use the equation on page 15 of lecture 17.

9. You want to predict lifespan from the number of hours of exercise (NE), the age of
your grandparents (AG), and your income level (IL) in thousands of dollars. From a
sample of 15 people, your estimated model is

Y = 70� 2 �NE + 0:1 �AG+ 0:05 � IL:

The standard errors for the coe�cients on NE, AG, and IL are, respectively, 3, 0.2,
and 0.01, respectively.

At the 0.05 level, you want to decide whether NE should be in the model. What are
your test statistic and critical value(s)?

ts = -0.67, or -2/3 cv = �2.20

ts is pe/se, or -2/3. The cv is from the t11 table.

79 What is your predicted lifespan for Adelbert, who exercises for two hours per week,
has grandparents whose average age is 80, and who earns $100K per year?

70 - 2*2 + 0.1 * 80 + 0.05 * 100 = 79

21 Adelbert lives to be 100. What is his residual?
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100 - 79 = 21.

13. List all, and only, the true statements. A, B, F, I, J, K, L

A. Log transformations help when the data follow a power law.

B. As points cluster more tightly around the line, the coe�cient of determination
increases.

C. The probabilities of Type I and Type II error add to 1.

D. Heteroscedasticity occurs when the scatterplot is shaped like a cigar.

E. Linear regression assumes that the dependent variable is measured without error.

F. Sir Francis Galton invented eugenics.

G. It is okay to make many tests at the 0.05 level and report those that are signi�-
cant.

H. With large sample sizes, one rarely �nds statistically sign�cant di�erences that
are not important.

I. In cross-validation, one uses many hold-out samples to estimate predictive accu-
racy.

J. As sample size increases, so does the power of the test.

K. The correlation between the heights of fathers and sons is about 0.7.

L. In high dimensions, all data sets are sparse.

M. Extrapolation is useful when doing regression inference.
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